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The coSto\·ertebral gland of the hamster is an 
androgen-::;ensitive tissue grossly discernible as a 
pair of pigmented nodules consisting of clumps of 
sebaceous glands. Ten to 14 day!' after castration. 
atrophy can be seen grossly and microscopically. 
but the atrophied gland can be react i\'ated by 
androgen (Hamilton and Montagna, 19-'lOl. 
:-.lot withstanding our knowledge of androgen me-
ta bolism and action in skin !Straus:- and Pochi. 
1969). the specific mechanism of its action in 
sebaceous glands has not been reported in detail. 
Therefore. a few years ago we began to study the 
molecular mechanisms of androgen action in the 
hamster system and arrived a t a tentat ive conclu-
s ion which we su mma rize here !Adachi a nd Ta-
kavasu. 197:2). Wh en testosterone carried in 
plasma reaches the sebaceous glands. it is con-
verted l<> dihyd rotes tosteronet by !) a-reductase 
with the cofactor TPNH (Takayasu and Adachi. 
1972}. Dihydrotestosterone. now generally believed 
to be a tissue-acti\·e a ndrogen. is transferred to the 
nuclei of the l-iebaceou~ cel ls where it initiate~ new 
protein synthesis. This synthesis is inhibited hy 
actinomycin 0 and t.hus involves new mRNA syn-
thesis. The processes are selective and specific; 
not all. proteins (or enzymes) a re activated in the 
same way. Generally, certain key enzymes and 
regulatory proteins are sens it ive to the activation 
(Takayasu and Adachi, 1970}, which results in ac-
tive metabolism through \'arious pos it ive feedback 
mechanisms. 
In this scheme, the initial step in a ndrogenic 
action in t he sebaceous glands is the associat ion of 
an and rogen with receptors. Thu~ I he androgen 
receptors play a s ignificant rol e in the whole 
process of the molecular sequence'-. T he present 
paper !!ummarizes our studies on these receptors 
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androstan-17,8-ol-3 one; epiandrosterone <DHA) = 5 a-
androstan-3 fj-ol- 17-one; testosterone 6 •-androsten-
17 ,B-ol-3-one; estradiol-17 .8 = L, 3, 5(10)-estratrien-3. 
17 ,B-d iol; estrone l, 3, 5! l0)-esn alrien-3-ol- l7-one; 
progesterone = 4-pregnen-3, 20-dione: ATP adenosine 
triphosphate; TPN - triphosphopyridine nucleotide: 
TPNH = reduced TPN; DPN = diphosphopyridine nu-
cleotide: DPN H ~ reduced DPN: EDTA ethylene 
diamine tetra-acetate; TCA cycle = tricarboxylic acid 
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during the intervening years: a prel iminary report 
ha" already hecn pub! ished ! Adachi and Kano. 
1972). 
DETE('TJO!\ O F RECEfYI'OR PROTEINS 
Pre parol ion of Sebaceous Glands 
The experimental animals used in this series of 
experiments were male Syrian hamsters weighing 
110 ± 10 gm . Generally they were castrated via the 
scrotum 16 hr before sacrifice . Costovertebral 
gla nds. seen as pigmented nodules on the back. 
were removed a nd dissected quil'kly at :1 o (' t o 
obtain clumps of sebaceous glands free from at-
tached epidermis. subcutaneous fat. and hairs. 
Thus prepared. the sample consistPd of' at leas t 80 
per cent pure sebaceous glands. 
Detection of the Andro~en Receptors 
Since the absolute amounts of' recept ors present 
in sebaceous gland:s are extremely minute. it is not 
practical to isolate them in pure form . At present, 
they a re demonstra ble only by indirect methods. 
The receptors are tagged wi th a radioacti\'e andro-
gen such as 3 H-dihydrotestoslerone. a nd then the 
complex ( 3H -d ihyd rotestosterone- receptor com-
plex ) is isolated by gel filtration. density gradient 
ultracen trifugation , or a combination of both. 
The standard procedure fo r labe ling the receptor 
proteins is as follows. One ml of2oc;; homogenate of 
sebaceous glands in 0.32 M sucrose containing I 
mM M gCI2 and 20 mM Tris- HCI. pH 7.Ft. is 
incubated at :~o (' for 40 min with :l ~-tC'i nf 
dihydrotestosteron e. The mixture is centrifuged to 
obtain cytosol a nd nuclear fral·tions. The nuclear 
fraction is extracted with 0.4 M KCI !Fang et a l .. 
19691 or 0...1 M \iaCI ( Bruchovskv and Wil:;on . 
1968b.c) to obtain the nuclear rec~ptor complex. 
The nuclear extract is then subjected to gel filtra-
tion or density gradient centrifugation. 
Gel filtration . Either the cytosol or nuclear 
frac tion is passed through a Sephadex G-2!1 col-
umn !1.5 :30 cml at :lo C' , and l..'l ml of each 
frac tion is collected and its radioactidty counted . 
Three reproducible peak:; are obtained !Pig. U. 
The fir~t peak to come out immediately after the 
\'oid volume i:; the 3H -androgen receptor <·omplex, 
a nd the second a nd t hird large peaks are 1 he 
conjugate a.nd free form of 3 H-dihydroteslosterune 
respectively. ln control experiments. the homoge-
nate or sebaceous gla nds incubated with both 
3H-androgen and 1.000 times exces, of cold dihy -
drotestosterone was run in an identical manner to 
rule out nonspecific binding. 
S ucrose density wadient ultrac:entri{uf!ation. Al-
ternatively, the cytosol or nuclear f'ract ion can be 
analyzed by the ultracentrifugation met hod. The 
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F1c. 1: Chromatographic detection of the androgen-
receptor complexes. About 200 mg of sebaceous glands 
from 4 castrated hamsters were used. The method is the 
same as that described by Bruchovsky and Wilson (1968a,b) except for the modifications described in the 
text. 
cytosol fraction (0.2 ml) is layered on top of 5-:~0 
percent (5-200f for the nuclear extract) sucrose 
gradient (4.8 ml} and centrifuged overnight at 3° C 
in a Spinco L2 centrifuge with a swing bucket rotor 
at 45,000 rpm. After centrifugation, the bottom of 
the tube is punctured and 185-~1 fractions are 
collected in counting vials. After the addition of 10 
ml of 0.4% Omnif1uor in toluene with lOOf Biosolv, 
the radioactivity is measured in a Tri-carb liquid 
scintillation spectrometer with the counting effi-
ciency for "H at about 30 percent 
A typical sedimentation pattern of the andro-
gen-receptor complex in the cytosol fraction is 
shown in Figure 2. We consistently obtain one 
sharp peak corresponding to about 7 to 8 S, which 
can be shifted to the 3 to 4 S shoulder when the 
cytosol fraction is dialyzed with 0.5 M KCl for :10 
min. A demonstration of the nuclear-receptor com-
plex was reproducible but not always clearly sepa-
rated (cf. upper curve of Fig. ;~). In this case. the 
androgen- nuclear complex was passed through a 
short Sephadex G 25 column ( 1.5 ' 12 em) and 
immediately after the void volume the eluate was 
subjected to ultracentrifugation. This combination 
method showed a single peak at 3 to 4 S of the 
androgen- nuclear receptor complex (Fig. 3, bot-
tom curve). 
These androgen receptor macromolecules appear 
to be protein. When the receptor complexes are 
treated with RNase and 0:-.Jase (200 ~g each/ml). 
no marked loss of the radioactive peak is observed. 
On the other hand, digestion with either trypsin or 
nagarase (200 ~g each/ ml) for 60 min causes the 
loss of radioactivity from the complex. 
BIOLOGIC ROLES OF RECEPTOR PROTEINS 
Why are receptor proteins important biological-
ly'? Chiefly because they play three basic roles in a 
target tissue: (l) they recognize a specific steroid 
hormone; (2) they bind and transfer the hormone 
from cytoplasm to nuclei; and (3) they retain the 
hormone in the nuclei so that it remains effective 
in the target tissue. At the same time, this reten-
tion process obviously protects degradation of an 
active hormone. Some example~ of these basic 
functions of the receptor proteins are described 
below. 
Recof(nition of the Steroid Hormone 
To play an important biologic role, a hormone 
receptor has to select and bind a particular hor- · 
mone; in other words, the binding of the receptor 
proteins with the androgen must be specific. We 
tested the degree of specificity in two ways. One 
was a direct method. i.e ., the homogenate of 
sebaceous glands was incubated with various 3H-
labeled steroids and the mixture was examined for 
binding with sucrose density gradient ultracentrif- ' 
ugation . Por example, Figure 4 shows that 3H-
hydrocortisone and 3H-estradiol have no affinity 
with the sebaceous gland receptor. The other 
method was indirect, i.e .. the degree of competi-
tion between nonlabeled steroids and 3H-dihy-
drotestosterone for binding to the receptor was 
measured. Cold dihydrotestosterone can displace • 
3H-dihydrotestosterone completely, but none of 
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FIC. 2: Density gradient centrifugation ol the "H-
dihydrolestosterone-cytO>OI receptor complex. Bovine al-
bumin was used as a standard (shown by an arrow). 
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F1c. 3: Density gradient centrifugation of the •H-
dihydrotestosterone- nuclear receptor complex. 
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FIG. 4: Specificity of the androgen receptors-bind-
ings with 'H-Iabeled steroids. Twenty percent homogen-
ate of sebaceous glands was incubated at o• for 40 min 
with 'H-estradiol, -cortisone, and -dihydrotesLosterone. 
The cytosol fraction shown in this figure was analyzed 
by density gradient cenLrifugation. 
the other s teroids thus far tested can com pete with 
dihydrotestosterone (cf. Table 1 for summary). By 
comparison with d ihydrotestosterone binding. only 
one-fifth the amount of testosterone is bound to the 
receptor protein. 
Transfer and Retention of the Andropen 
According to the two-step mechanism for hor-
mone action , the hormone must be incorporated 
and then retained in the cell (.Jensen et al.. 1968) . 
A specific receptor is also responsible for these 
processes. In Figure 5. the results of an in vivo 
experiment demonstrate the specific transfer and 
retention of dihvdrotestosterone in sebaceous 
glands. We injected 100 J.LCi of 3H-lestosterone 
intraperitoneally and remo\'ed the sebaceous 
glands at 10. 20, 30. 45, and 60 min . To detect the 
steroid-receptor complexes. they were homoge-
nized and the homogenate was separated into 
cytosol and nuclear fractions and passed through a 
025 column to obtain bound steroids as desc ribed 
in the previous section. The bound steroids were 
further extracted and analyzed by thin-layer chro-
matography . Within 10 min after the in-
traperitoneal injection of 3H-testosterone. the cyto-
sol-androgen level reached saturation and de-
creased gradually. Ten minutes after the s teroid 
injection, testosterone was a major bound steroid 
only in the cytosol fraction. Otherwise the predom-
inant androgen in both cytosol and the nuclear 
macromolecular fraction waR dihydrotestoRterone. 
The experiment clearly showed that dihydrotes-
losterone accumulates steadily in the nuclei with 
time. These data indicate that testosterone taken 
up by the sebaceous glands is converted to dihy-
drotestosterone in the cytoplasm. and the latter is 
subsequently incorporated and retained by the 
nuclei of the sebaceous glands. 
Effects of Antiandrof!ens 
The receptor proteins play a key role in androgen 
action and since thig step is an initial one, any 
interruption would result in incomplete androgen 
action . Such interruption can be achieved by the 
adm inistra tion of the antiandrogens. cyproterone 
acetate (Berlin Laboratories) or Ro 7-:23-10 (Hoff-
mann La Roche). When 3H-testosterone and one 
of the antiandrogens are given in vi\·o at the 
dosages shown in Table ll. 3H-dihydrotestoste rone 
binding to nuclei is decreased to 15 percent of 
control values. Since the free dihydrotestosterone 
level in nuclei is high (400- 500 dpm/gland). this 
indicates that these antiandrogens do not act 
direct ly on 5 a-reductase. which converts testoster-
one to d ihvdroteslosterone. 
An in ~itro binding experiment subsequently 
showed that the antiandrogen com peted with dihy-
drotestosterone for the receptor binding sites 
(Table Ill). That is. when homogenates of seba-
ceous glands are incubated with 3 H-dihydrotes-
TABLE I 
Competition between nonlabeled steroids and 
•H-dihvdrotestosterone for the androJ?en receptors 
Sternids 
DHT 
T estosterone 
DHA 
Androstenedione 
Estradiol-17 {t 
Estrone 
Progesterone 
. 
~ 
Rind in~ percentag~ of 
dihvdrut eRtt>ht None 
Cone. Cvtosol :-Juclenr 
(ngl I'll ('f I 
0 100 100 
60 65 39 
600 5.8 0 
600 9i) 98 
600 100 99 
600 103 95 
600 98 104 
600 LOO 100 
600 105 110 
FIG. 5: Transfer and retention of dihvdrotestosterone 
in sebaceous glands in an in vivo experiment. T -
testosterone; DHT dihyd rotesLosterone. 
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TABLE rJ 
Effects of antiandrogens in uiuo on 
•H-dihydrotestosterone-receptor romplexe.~ in the 
sebaceous ~tland., 
Cyt~ol :"\udear 
Bound Free Bound Free 
Control 63 210 480 550 
R07-2340 0 310 71 450 
Cyproterone 0 180 85 390 
Each hamster received 6-10 ~g of one of the anti andro-
gens in 10c-; ethanol -saline: control hamsters recetved 
10% ethanol-saline. Other exper~mental procedures are 
the same as those shown in Figure 5. ''Bound" indicates 
•H-dihydrolestosterone-receptor complex and "free" un-
bound free •H-dihydrotestosterone in each fraction. All 
data are recorded a~ dpm/gland. 
TABLE ll1 
Effects of antiandrogens in vitro on 
•H -dih) drote~tosterone-receptor complexes 
Ant ia ndrogcn Cone Cywsol :-.ludear ln~tl ('~) t<; I 
DHT 0 I(}() 100 
60 65 39 
600 5.8 0 
6,000 < 1.0 0 
Cyproterone 600 35 50 
6,000 3.2 < 1.0 
60,000 <l.O 0 
RO 7-23-10 600 80 60 
6,(}(10 18 <10 
60,000 7 < 1.0 
A 20 percent homogenate of sebaceous glands was in-
cubated with •H-dihydrotestosterone and one of the anti-
androgens at oo for -10 min. The androgen-receptor 
complexes in cytosol and in nuclei were analyzed by the 
methods shown in Fig 2 and Fig 1 respectively. 
toslerone and either one of the antiandrogens at 
3° C. the formaLion of the steroid receptor complex 
is markedly inhibited. This inhibition is dependent 
on the concentration of the amiandrogen used. 
Furthermore, antiandrogen inhibited the andro-
gen-dependent stimulation of energy metabolism. 
Table IV summarizes its effects in vivo on glucose 
metabolism. In this particular experiment, ham-
sters were castrated and lwo weeks later were 
reactivated with 20 mg testosterone propionate 
(Ore ton )/animal. Antiandrogen (cyproterone, 600 
,ug/animal) was injected 20 min before reactiva-
tion. Three hours after in vivo reactivation, the • 
animals were sacrificed, the sebaceous glands were 
removed, washed. sliced, and incubated for 20 min 
in a medium containing C-1, C-6. and uniformly 
labeled gluco~e. The various 14C-end products were 
then isolated and counted as described previously 
(Adachi and Uno. 1968). With any of 14C-glucose 
precursors, the activation of major energy path- , 
ways is evident; but 600 ,ug cyproterone/animal 
completely suppressed the metabolic activation 
which occurred with 20 mg of testosterone reactiva-
tion (Table lV). For example, glycolysis was in-
creased from 3.1 to 4.8 percent as indicated by 
14C-Iactate formation from uniformly labeled glu-
cose. and this increase was suppressed (2.8%) by 1 
the antiandrogen. 
These series of experiments clearly indicate that 
by blocking the binding of dihydrotestosterone to 
the receptor proteins, the antiandrogens block the 
subsequent metabolic processes. 
Dihvdrotesto.~terone Receptors in Other Orpans 
Dihydrotestosterone receptor proteins in the 
prostate have been reported frequently since 1968 
(Anderson and Liao, 1968: Bruchovsky and Wil-
son, 1968a.b.c; Fang et al.. 1969; Baulieu and 
.lung, 1970; Tymoczko and Liao, 1971; Fang and 
Liao, 1971) . Except for the prostate, hamster 
sebaceous glands are the only organs in which a 
similar control mechanism for androgen metabo-
lism has thus far been reported. It should be noted 
TABLE IV 
Effects of an antiandropen on pluco.~e metabolism ~tLmulated with testosterone in uiuo• 
Posiuun of co, Lanete GI\'COI(en Liptds Protein {D'\>\) gluc<>'e label I >: tO 'l ('II r • tO '1 ! · 10 'I ( 10 1) 
Castrated C-1 1.5 3.8 5.3 1.2 5.3 
C-6 0.76 4.9 2.7 - 2.:1 
uniform 1.8 3.1 5.0 0.6 8.3 
Oreton (20 mgl C-1 2.0 5.1 13.0 1.5 14.-t 
C-6 1.2 6.1 11.8 1.4 6.5 
uniform 2.:3 4.8 15.6 0.9 9.0 
Oreton ~ Cyproterone C-1 1.4 3.9 6.:l 1.5 7.5 
(600~g) C-6 0.9 3.8 1.8 1.1 5.5 
uniform l.5 2.8 5.1 0.7 6.6 
• All data recorded as incorporation %/100 mg tissue/3 hr. 
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that serum contaim testosterone-binding protein 
which is nonspecific in nature. Although many of 
the basic characteristics of the receptor proteins 
are common to the prostate and the sebaceous 
glands. the latter differ somewhat in having only 
one major cytosol receptor protein whereas the 
prostate has two cytosol receptor proteins (Baulieu 
and Jung, 1970). In the prostate, only the 7 to 8 S 
receptor is specific and the ~ to 4 S receptor is 
nonspeci fic. After cast rat ion only the 7 to 8 S 
receptor decreases. Perhaps this is why in our 
previous in vivo experiment the intracellular level 
of dihydrotestosterone in sebaceous glands de-
creased within :3- 4 days after castration whereas it 
remained high in the prostate and seminal vesicles 
(Takayasu and Adachi. 1972). The receptor protein 
in the prostatic cytosol fraction can bind 17{3-
estradiol and progesterone but that in sebaceous 
glands does not. T he receptor proteins of the 
sebaceous glands appear to be highly specific. We 
took advantage of this ··simplified'' model and 
demonstrated that one of the earliest proteins 
synthesized following androgen stimulation was 
the receptor protein. 
DEGRADATION AND SYNTHESIS OF RECEPTOR PROTEINS 
The data reported thus far reveal the impor tant 
roles of the receptor proteins in controlling the 
metabolism of sebaceous glands. The endogenous 
level of the receptor protein, which is in equi lib-
rium with both synthesis and degradation, controls 
the subsequent metabolic processes. 
Dewadation of the Receptor Proteins 
Table V shows an experiment to measure the 
half-life of the receptor protein. We castrated 
animals and removed sebaceous glands up to I 0 
days later. The glands were homogenized and 
incubated with GH-d ihydrotestosterone, and the 
mixture was centrifuged overnight to measure the 
leYels of GH-dihvdrotestosterone-receptor com-
plexes in the ('ytosol or analyzed by gel filtration to 
measure the complex in nuclei. Castration caused 
a marked decrease in binding in both cytosol and 
nuclear fractions within 2-3 days. To obtain the 
half-l ife of the receptor proteins, we plotted the 
data in a semilog scale !Fig. 6). In this figure, data 
on other proteins (Takayasu and Adachi. 1970) are 
TABLE V 
Degradation of the receptor protein.~ after castration 
Days after Cytosol' 1'\uclear• 
castration 
1 2490 328 
2 1710 306 
3 1035 255 
5 10:35 187 
7 396 125 
10 < 58 < 75 
• dpm per 100 mg sebaceous glands. 
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F tc. 6: Half-lives of proteins in sebaceous glancb. 
Data on glycolytic enzymes are taken f rom Takayasu and 
Adachi (1970). 
a lso included for comparison. The half-life of the 
receptor protein is about 2-3 days. This rapid loss 
of the receptor protein preceded the decrease in 
glycolytic rate and in certain key glycolytic enzyme 
activities after cast ration: apparently the degrada-
tion of the receptor protein plays a key role in the 
loss of metabolic ac t ivities and the subsequent 
atrophy of the sebaceous glands. 
Synthesis of the Receptor Proteins 
The reactivation of the atrophied sebaceous 
glands with testosterone or dihydrotestosterone in 
vivo caused an increase in 3H-dihydrotestosterone 
bind ing capacity. However, quantitative evalua-
tion of the receptors after the reactivation is 
extremely difficult because the unlabeled andro-
gen used for react ivation binds to the receptor 
proteins and the subsequent radioactive androgen 
binding is always less than the potential binding 
capacity. Therefore a quantitat ive study of synthe-
sis was made with the incorporation of 3H-labeled 
amino acids into the new protein fraction . After lhe 
castrated animals had been reactivated with 10 mg 
testosterone propionate/animal given in vivo for 
different periods. the sebaceous glands were re-
moved and incubated with 40 J.LCi of 3H -amino 
acids mixture in Hank's balanced salt solution for 
1 hr. The sebaceous glands were subsequently 
homogenized in 0.:~2 M sucrose and again sub-
jected to ultracentrifugation as described above for 
the detection of the new protein synthesis. 
The major protein-synthesized sediment at 'ito 8 
S (Fig. 7). and actinomycin D administered before 
testosterone reactivation completely inhibit the 
new synt hesis. Thus, the evidence indicates that 
the androgen receptors are reactivated via specific 
mRNA synthesis. Further evidence suggests that 
the 7 to 8 S protein synthesized as early as 60 min 
after reactivation is the androgen receptor protein: 
( 1) The sedimentation coeiTicient of the new pro-
tein is the same as that of the receptor protein: (21 
7 to 8 S protein specifically binds 3H-dihydroles-
tosterone; and (3) 7 to 8 S protein can be shifted to 
the 3 to 4 S region by dialysis against 0.6 M KCl 
solution. 
Figure 8 shows the time-dependent increase ol 
new protein synthesis analyzed by Sepbadex G 25. 
Further characterization of each peak by sucrose 
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density ultracentrifugation shows that the major 
peak is a 7 to 8 S receptor protein (Pig. 9). 
In reviewing- the data in Figure 7. we note that 
the sebaceous glands of a 5-day castrate can s till 
synthesize 7 to 8 S protein without testosterone 
reactivation. This 7 to 8 S peak does. in fact, 
indicate the new receptor protein transcribed by 
endogenous mR:"JA. On the basis of this assump-
tion, we can also measure a half-life of mR:-.JA 
specific for the receptor protein. We measured I he 
rate of the decrease in I he 7 to 8 S peak after 
3H-arnino acid incorporation during various pe-
riods after cast ration . The data again showed a 
short half-life of the specific mRNA of 2-3 days 
similar to that of the cytosol receptor proteins (Fig. 
6). 
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FtG. 7: Density ~radient centrifugation (at 45,000 rpm 
for 15 hrl of the cvtobol fraction obtained from the 
sebaceous ~lands incubated with labeled amino acids for 
l hr. The control animals received saline inJeCtions 
instead of Oreton, and 1 he actinomycin D group (---.11.---l 
received 1 mg actinomycin 0 /animal 30 min before the 
Orelon reactivation. Test : testosterone react ivation. 
(From Adachi and Kano. 197:2) 
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Ftc. 8: New protein synthesis after reactivation of the 
castrated sebaceous glands by Oreton . 
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FtG. 9: Ultracentritugation analysis of each mac-
romolecular peak obtained in the experiment shown in 
Figure 8. The major peak is about 7 to 8 S . 
General stimulation of mRNA synthesis by ste-
roid hormones has been reported (DeAngelo and 
Gorski, 1970), but the specific nature of the newly 
synthesized RNA and protein has not been de-
fined. As far as we are aware, our study is the first 
to suggest androg-en st imulation of the new mRNA 
that specifically synthesizes the androgen receptor 
protein. 
SUMMAR\ 
Chrom a tographic and ultracentr ifugal tech -
niques demonstrate that receptor proteins in ham-
ster sebaceous glands play importan t biologic roles 
such as recognition, transfer. retent ion, and pro-
tection of the tissue-active androgen, dihydrotes-
tosterone. Since this is the first step of androgen 
action, any interference ot the binding {for exam-
ple, with an antiandrogen) causes a loss of subse-
quent biologic sequellae, such as the stimulation of 
energy metabolism. Both the synthesis and degra-
dation nf the receptor proteins are highly depend-
ent on dihydrotestosterone levels. The sh~Jrt half-
lives of the receptor proteins and of the messenger 
RNA for the receptors further contribute to the 
essential role of androgen receptors in controlling 
the dynamic actions of androgen in hamster se-
baceous glands. 
1 am greatly indebted to Dr. S. Takayasu and Mr. M. 
Kano for their collabora t ion. 
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